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INTRODUCTION

PN PR -

- b e 2o PR . @

, Computer-based simulation (CBS) represents.ezunique utilization of

- - . v

: . . v oAt el
copputers for instruction that combines some of the best features of the

technologsies of simulati§ﬁ'add computer—assisted instruction (CAI). .

-

» . - .
Until . a few years ago, CAI had been applied primarily to ttaining'skills B

. ’
'

sucih as math and foreign languages with fairly comsistent demonstrations

, )
of hime sayings and instructionﬁl effectiveness as compared to conventional .
‘ = ] .

i

methodologies (e.é., F%:d, $lough & iurlock, 1532). "CBS grew out of an
l 3 T

’e .

1nterestl1n testlnv the application of CAI to procedural anq perceptual -

'§ P motor skillsf'skill@ that traditionally had been trained with hands-on

+ . ‘ . AR -

'prabtice on real-world objects or high fidekity simulators. CBS offered
¢ Yy

. - . > ) - )
the potential for low-cost simulation combined with pedgg%ﬁiggg effectiveness.
+ ‘ PR ey w:)&wﬂ o e . .

- .

- . !
»

- . - = .
. . S~ s B

' * C3S cap be conceptualized as two-dimensional simulation. Cqmputer

. P . . ’
. graphics. or slides are used to create representations of the appearances

* N

’> " and dynamic'operations of physical objects or environments. Typically, the

. simulatioﬁ s programmed in the context of iﬁstructional text and feedback
. e . . ¥

oh a CAI system tnat ‘has a cathode ray tube (CRT) or plasma.panel on which

o w»« B e R \\ *

the lesson materlal% can be dlsplayed. An interaﬁtive situation is created J

e

. '

- . ]
-

in ;hat the student can nanlpulate the s1mulation through the keyboard,

) N » -

- touch panel, or - llgut pen of the system. The computer evaluates this
-8 student input, presents feedback, and caqses the simulated object to react
. . 2
.- 1 . R . Y . . . .
te much in the same way as would its real-vorld counterpart. .
¢ . ¢ ce? ’ ‘ * ¢
. \) ’ ’ . v - ‘1 L4 l‘) P4 '
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. Lo 2 .
Y Sqgveral: experimental efforts have be;n carried out to evaluate the -
. ) » ) . . // . . N ’/
efficacy of CBS for training. While the méthodology is still in its T
S . ‘ -7 R . ) '
; . . / L 3 s s X
% ﬁnfancy, the data are conducive to ‘some preliminary geheralizations concerning
. . [ 4 . : M ‘ - . . Al ; ' . ' .
‘ training considerations and C3S system features., The present paper will N
. ; - . , L4 “ -
discuss these early findings and ‘identify directions for future researcn. . ‘
. N . a .
L * . ©, R R . . - ] .
.‘( ) . \ - ) "'«" .- 4 . )
- ; ‘ + .. TRAINING CONSIDERATIONS . .
‘ ¢ : . - . . - . 3
¢ ./\ ’
.. aN . >, s
s ! ¢ - ' . *

»

_CBS has been used effectively to teacﬁiseveral &ifferent types. of

. y { ‘ * . . ! . ’
tasks tQ a variety'of students® and a number of instruttional innovations

. _ Cr ) .
have been developed as by~products; details will be pxesented in the

. "
- . \

following paragraphs.- ) ) : ' .
® o . . R : .

~ »
v . 4
" . . . : . !
Flight officers on ?ngl—submarlne.alrcraft have been trained to perform

N
. " [

. . .o , ) -
, tactical operations tasks‘félawford; HurLgck, Padilla, & Sassano,_l92§é

~

.

Crawford, Hurlock, & Rogo, 1977), and civilian pilots have been taught

i to fly holding patterns’ (Feurzeig & Lukas, 1971; Trollip, 1977) through
the use of CBs. Otﬁer studies include. preliminary sﬁillsjtraining for
- )4,\77“;\"A" school students in the operation of the oscilloscope (Sternm, 1975), . /)

» +
and tditratfion experiments for college students (Hollan, Bundersott & Dunham, *

-2 x\

1971). Thgge efforts represent onl§ a éample of ¢he work that has Bﬁgﬁhaoné
. . A - ‘e v a 3
in the area. ‘ ro. AR AR
s ' t A - T T
. T . e <. a- . L
® . s . »
+ [y ‘e . e . o L} P |
CBS materials® are often prograrmed within thi}dongexglof learning
N - . - <
strategies Or content sequencing algorfthms. .For example; Lahey and Coady -
M ) . Yo e
, - TN

(1978) have jus? completed anpther of several stu&ieé-invegtagaking:

.8 ¢ . -




Jffhe effectivegess of a learner controlled lesson that gives basié,elecqronics
. \ -

“
i .

school s€udents practice with a simulated multimeter. The resulting data
. , ~ - . & ‘ . ” ®
. thus *added .to the knowledge bases of. both learnmer strategies and CB3S.
° a * { . . ~

- T J
. )
! N r . ' v . N 2
' N ¢

7
' Other interesting uses of CBS, which are unrelated to training performancék‘

I

oriented skills, have emerged in the literature. Rigney wnd Lutz (1976), for
. ' ) ' r )
example, were interested in the effects of }magery on learnino and used

~ . .

graphic’ sinmulations of a battery and,proces§§§_§uch as, ionization and .

-

r-

. reduction /to teach abstract elecnrochémical'goncepts.

- "
N o
. . . a

. . .

.

- In.summary, the research described above .has genefally suggested

”~,

' " Y

'\ .
the following training advantages for, CBS: Increased,trainee proficieqcy,‘ji

\

- < \ -
e
that CBS has the potential to be a widely appllcable training metho

ﬁime savings, cost effectiveness, and high gtndent accebtability. 'ZE appeérs
ology;

nowever, th; manner in which student and ;ask characteristics interact with

. - \ . . i

fidelity variables ;emains to be determingd. For example, one.study, which

- used sinulation that was low in appearance fidelity and relatively hiéh in
. functional fidelity, resulted in lower student acceptability of C3S training
/ i ) - N :. “: ..

-«

materials than a previous one, that had utilized the same system and similaf
materials (Crawford, et al., 1977). .It was not clear whetﬁer the lower
. 3G . ' . - ' A 7
. acceptability in the latter study was the result of using students with
N

e . ~ - 1
e ‘more previous real-world practice, attempting to tqain/more complex skills, .

. ) e R R ao

or both. In other words, it was impossible to seperaté out unigus effects !

. ¢ } 3 . , T e :

‘of fidelity afid student characteristics, .t

.
Lo~ - B .
. b - ‘
R - .

;.1 ) ' - Iz \/ . L v,
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Another fidelity questian of 1nte5§st pertains to the interactive pature

of graphic simulation. That is, how. interactive or fungctionally 51m%lar -
. : o, ' B ‘- : ’ ) a
to the real-world must a graphic simulation bé in ord to produce- -
N . [ 4
the desired training results? Thi's certainly has implications for determining
whether successful training achieved by. CBS is due to the unique capabilities’}__
) . a v .

_ , of an interact{vé’CBS system or could be achieved by some less expensive C:i

" &
e
L . .

" médium such as slide pggﬁecti&ns. There is a study in progress afxthe Navy

& M f
Personnel Research and Development Center (NAVPERSRANDCEN) that is attempting

- -~

-~ . to control the interactive faptor; these data should help to cléssify
e ] .o |
somerf'the issues raised above (Hurlock, Note 1). - !

i ‘\\\ nmust be answered in order to prediét’ the transfer effects of.CBS or any -

Aruitoxt provided by Eic:

.

4 . AR X

1
%

A

Questions regarding the éﬁfeéts of,ﬁépearande and functional f?delity_

Th

other variety of simulation. The transfer issue has been in the literature
S . - .

' . . . f - . .
for years and has yet to be resolved. However, while the amount of fidelity

. . @

' . X s o . . s
required to achieve positive transfef of training is still of ceatral ihterest,
> h * - - .
there is a new slant to the question. Recehtly; more emphasis has been placed

A
. ®

on the nanner in which a‘simulation is used, i.e., its instructional context,
b i

. . “ N ‘/ LR ¢
than its similarity(to its reaI—worlq}counterpart. (For a mote detailed
* discussion of thé problem, see Crawford and Crawford, 1978). .

2 Y . ‘.

> v . .
L W
e . . ‘ '

Petiodically, attempts have been made to'establish predictions of-transfer

. .
. . b v s A -~ - - < -

of performance‘g#ills as a functio of fidellty (e g., Miller, 19533)

these predictions have fot been based on data collected systematically, and,

— . 4

in some cases, have not been data=based at all. Thus, if researchers and

= — —
—————

) 'deéision makers. are to take max}mum advantage of CBS as.a training methodology,
it will be necessary to take a systematic approach to'empirically determining
v . : - )| ‘ K ' ’ -

, e s, \ w L : ..
‘how all of’ the pertinent variables att .and interact with each other.
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the_materials and 67 percent text. The figures for the 31mulat10n lessons.

,reflect the fact that graphics were used as a'response mode'SO percent .

or construtted responses.

v, Al S ! A . ¢ . L v
CBS SYSTE{ FEATURES A St

, . ~ ‘
. . , ~ et R
. y o~ - .-

. . . . . . e
1} R LI P B ~ ”

. . < . . ’,. . »/-" 3
Knowledgé regardig the relevance of system features to EELéﬂEfgz and
&

+ » .
s /,. N ar &

eff1c1ent tra¥ning is also an area of newly emerglng 1nterest. However 3 Ml
. N

. .

) some trend___axg_h,eglnnlno to appear as a result of resEarQh‘experlence ™~

p— z ‘ 3 ' ",\

with various. systems, and ,threse will be descrlbed here.'

-

- v - -

r .
N . B .

s '_‘l' . ) Fad . 4 .

-~ h NN . A

K CBS in clearly dlfferent irom Standard CAI in that graphlcs are used

. \g .i' . ‘

ektenSlvelY in place of text. Thls placeq an, enéﬁrer unique set\of te~
e . . » . P :‘.x

quirements on software development, whlch\can be .facZlitated or* hindered

. ", ). KN o : [
[N - N . .
by the system hardware. . ’ . . . : R ’
L} . . \ . f .« . ’ . ; —-’) s N
" ’ - ~ - * hd < .
. . . .- . . 2 . ¢ ¢
« Y . / hd . . - ‘ . "g" .
A, good example- Lllustratlng some of the dlfferences can .be fodhd 1n
« . [}

» .
. -~

the- report of a prOJeCt des10ned at NAVPERSRANDCEN to evaluate ﬁhe PLATO -
3 'o"(‘ /-.

IV coumputer-based 1nstructlonaI system (Hurlock~& Slbugh l976) ,The‘ P

- .
~

authors providad detalled req}ews bf elght experimental CAI lessons that
were developed and used for the project' four,used simulatlon and four

did not., The simulation studies used. a comblnatlon'of computer grabaiés

- . i .

and microflche fqr 80 percent of lesson materials w1th only 20 percent' Y

I . . FEERY
-

text. The non—slmﬁlatlon lessons utilized graphl s for 33~perq‘pt pf . .

2 t .
- ’ e

-

A .

* B - e

v

.of the time.,‘That is half of the tlme student performance, was Judged

. . . o .
. . . .
. .. s

t </ .

‘on ranipulatlods of the graphlc simulatlons lnsteéﬁ of on multlg_e choiee

. .’ W

.

"
Ay
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" Thus the NAVPERSRANDCEN resear&h shows the extegsive role of graphics "
in CHS. Some :of the speciﬁic'system capabilities' need to supbort this
1Y » ! .

P v, . .
kind off development are discussed below. -Consideration will be given §o

storage. capabilities, display technology and 'input devices, presentation
.. \

capab111t1es, and data collectlon. . - M, . o~ .
T ‘VI N ‘ .
. ; )
' o Ny
[ . . , ! M Al
Storage Capabilities ’ . ’ .
- ' ’ : ! . ’ . N ‘ .
s , N . v N . '
“? 9 < N . ' * ’ Py

L]

.'of material for each on—line‘hour thar did the lessons’ that did not use

;computer graphics qxtensibely. _While the PLATIO IV system is capable\of Y

;; ',. - . . . ) A - ! - - .
the appropriate provisions; otherwise, stand—-aldne systems should be used. - i
. { - W -

Hurlock,and Slough (1976) reported that simhlatipn lessans used to

) LT - k
evaluate fEATO.IV required an average of 50 percent more space for storaé;

» . - , . -~

. N
i

\

\,- \
prTvidlng th1s mlnd of storage (as would be the case with any&large network

.
'

system), 1t is ded1cated 1n phllosophy, to the Support of many 12ssons

.. . . - v I -

‘requlrlno small amounts of'extended course. storage (ECS) rather than a. .

- <
- s

few leSsons with h{ gh amounts. A@ a result, the NAVPERSRANDCEN lessons L

LS

could only be.run when user load was low, or researchers had to accept E -

;
FRE ‘ - \
B

A" ¢ / P . )
.decreased terminal utilization as-a result of increased ECS demands/, e o
s 4 ) - . . o ) P , -
» . . . -
lesson qomvlexlty. Therefore, one of the-primary requlrements of 4 system . \
. . - . .-t

that i& g01n° to be used for slmulat}on ig not only sufficlent storage but

also a determnnatlon of the additional requlrements that wé%% be placed on xf .

Al ~ L4
.

é
the sfbtem. If Yetwork systems are to becu§eq, mafiagers will havé to make .
N ' " - ‘ - I ~® ‘

. - - , -
[ R \ e . - ! ¢
- .

.

i A . -
¢ B L4 »
; .
' b . s ., A . .

” . - »
- - . w . S
. . . - L] . or N -
~t

Thése comménts are based on requlrement’jof cqmputer graphlcs and do. .

k) -

not adequately reflect features of alternaflve S1mulatlon displﬁys such as

N - % S . ‘e [

random access slldes. This. medluma1s%ix ted to a set nqmber oﬁ slldes— \
- . R )
s m‘ te, - -, “ s, q.‘ og;-‘. . .y
_*® ’ . ¢ Y SR R . .
. s 8 g LT %"\ o Lt ., .
- . . w4 Qe e X <)
. e - . ! i < \r" - '/ ”"a, ~ -




that can be accessed at any given time (usually 80), and response time_

-

\’ - - -~ 1 - * ' 3 ° -~
is, quite slow so that it is 1ﬂapproﬁ%1ate for complex, interactive simulation.
- Ve M ‘ v

The, best pse of slides may be as a Supplement tq iqtetactive éraphics. The <
) - .

General Electric‘nggning Systeﬁ (GETS) is one ‘stand-alone system that has
|
|
\
|
|

. insgfporateé the capabilities for this combination.
. ;;\ ' . ’ . . \
[y . ) . s S
", . licrofiche digplays are another altermative for two-dimensional - -

simulation: Researchers in the NAVPERSRANDCEN PLATO IV project found ' 3

‘ ] '
%- .
Voo that microfiche’production phases were too involved and resolution of the .

-~ *

displays too poor to be acceptable. Tliis was four years ago, however, and

v

~

' - <
the sophisEFcation of the medium has increased cé?éiderably.' Joseph Rigney

of the Behavioral Laboratories at.the University of Southern California has
) . ) . Y .
just completeg.a study using niﬁrofiche for teaching simulated troubléshooting.
[ hY

ngney feels that the microfiche approach compares very favorably to the
\-l

X ’ T . use. of computer oraphlcs (ngney, Note 2)..

. a :
i Other;alternatives may bé provided by several possible conflguratlons of

N\

-
-

__vﬁdeodlsc and'microtechnology. Videbdisc‘ls an inexpensive, high density

~ g

storage medium, which, in eomblnatia\\?}th sufficient computer sﬁpport,

. could be used for two-dimensional s1muiat10n. At this point in time,
“u . ’f “i

. statementgtabout pot‘§t1a1~appl}cations of videodisc are pure spegulation ° >

-" ‘. - . ‘ ..' ' ° . N , i

N . so it will be intersting to see what the research will show in the way }

- . T o - . - 1 . ’ |
- : of cgst and instructional benefits tradeoffs. . N .7

R . . 4 . . - ~ ‘ . - ‘

\

' . - u \

\ - . |
e ' .
. . , |

. r
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Display Technology and Input Devices J I ' ] g

<

- .

CBS has beén inplemented od’systems

o displaygscreeas. The plasma panel, as used Y{n the PLATO, IV and GETS

participated in the NAVPERSRANDCEN PLATQ IV evaluation project. These . .
persons ﬁeit that displays were highly readablerand did not cause fatigue. T '
- ' . . s N ; : . ) . Ky N -)

3

6r;eye,strain, and the authors commented on the ease with which displays
< . ’ i i
Yy

could be &vordinated with touch panel input. .They felt that the panel ;'
. was eﬁm}weful fd} simulation and other interactive tasks {ﬁurlock &
Slgugh, -1976). ~ | ‘ :
- M . N 1-.\

. L
- . >
- L5 . £y !
', . 1
\
N B

", While the plasma panel is llmlted to the ¢elors of black and amber,

‘?T\thls may not be too much of a llmltatlon in that tﬁh effects of color on .
instructional effeétiveness are not clear. Kanner (1968) found that the 3
, ; . .. ¥ ’ ) .
;inimal use of color seemed to help stﬁdents QQ idehtify.important,inf%rhatien.
. \The bajorlty of the research in the area, however, rep:rts no dlfferences

between colorg%hd blacL and white presentations on learnlng (Gulliford, 1973) o

L

The CRT screen, such as that used in the TICéiTﬁsystem, is capable of- N

. R
RO . . .

color dlsplays and has gt least two advantagés over the plasma panel.
‘One is that the hardware ig compatible with the videodisc and if the
expected benfits of that medium are realized,‘systems with CRTs is that .

] -

recent developments, such as raster 5can technology, promise increased .

[N .

% . P

L
. memory. w1th slmpllfied c;rcultry and lower ooshs, §uch features w&uld be °
v clearly benef1c1al for two—dlmen31onal ‘'simulation,. '
. -/ < SR . \ . \
Sy e [ A
4 i » ot ) ’
i L ‘ -

L N .
. . . -
. v .

E lC : ’

- . . ‘e .

. .
PAraiitex: provia c .
)} s " \ .-
D , ’ .



. Input dev1ces typlcally,used for CBS include a st&ndard kavboard &
. . E . %

&'g.,‘Lahey, Crawford, & qyrlock 1975), the td“th pgnel (e. 8-> Crawford

. _ et al., 1976), and the llghtpen useqnw1th GHTS (Rads“en & Grosson, 1975) -

‘

and planned for use qlth simulation on the TICCIT systen. In rather’

A .
~

unique appltc&tidhs, Feurzeig and Lukas @971y and Trellip (1977) ytil{zed )
> ° o c . T e - . . . "‘,\.

a joystick interfaced{ﬁith a computer-based {Hétrugtional sfstem for recordiné

StUdent‘-inPUt on VYflying" holding batterns. &\ﬁh\ . o . st
’ - NGO .

&
. \‘

- » * , - N + 3
.

B

>

While it would seen that. thesuse of theetouch‘panel or joystick would

x t

be preferred to thé lower fidelity input devites, effective training was

*+
L]

demonitrated in all fgur applications. Additionally it should be kept in
s . ) - - :

\ nind that for-some portion of‘any training situation, the keyboard will
provide an ingxpensive and pegfectly adequate means for evaluating student

. - ’
. N . C N . . M

° L . . .'<
progress. Input deyice features and how,they relate to training effectiveness

need to be determined as part of the fidelity research mentioned earlier.
lo N ‘ -

.
-

‘ " Presentation Capabilities ) LT ‘
NN . v ) ) g ,

/ One obvious problem that emerged from the findings of the NAVPERSRAWDCEN -

stulies (Uurlock & Slough, 1976) was that network systems"sucﬁ as PL@?O 1v, i

whlch conpectathe computer to the terninal by telepnone lines, are not the-

-

ﬁ) gﬁégﬁﬁst systeus for presentatlon of 31mulétlon nmaterials. Transmission errors
(]

\ begﬂgq&;the computer and the termlnal, vhijch do not seriously dlsrupt a

. e

2

standard CAI lessog, do distort the_31mulatlon dlsplay. This often causes

' ¢ .. ..
students to have to start ever on complex behavioral sequences and results
? . .

. -

in considerable frustration. Systems suclt as TICCIT or stand—alones‘are not

/ ~ ' -~ ’

. suogect to-these probleao




hed . . !
/ . . ’ - e . Lo N \
K . o 4 f ES |

Systen response’tihe,is also an imobrtant factor  to be considered

v, / - N ¢ * * ',}\ ) v ' ) -t
/ﬂ N A4 ’ , -
&,
/ Ohservatlon suggests‘that slow system response time,. as caused by hardware
#ﬁ llmitatlons\o heavy user loads, lowers accepqablllty (and presumably nq
2 /., _.’ . . . R p

¢ . ¢ . #

with the real—onld couriterpart of thezsgmulation‘(Crawford, et‘al,y 1977).

. . ¢ R - \ . v, ) - . . : ., ] : y’ ! . ‘ . }
" As néntioned earlier, the results are confounded, but it is clearly ag.
<+ : I - o
[ . . - s \/ - -
- area-niedino research. Once agaln stand-alone systemSatay be .the beéﬂ

- y Y [ . ? .

. peltagogical et ctiveness) in students ‘who«have hag prev;ous experlence s :
|
|
\

B soldtio?. CETS for example, has been- de51gned speciflcally to support

ﬁnteractlve graphlc dlsplays \ Thls.system 1s descrlbed as ‘a state trans1tuon

2 . . ]

~ -

. . device based on string-oriented, as opposed to number—orientedz processing

,(5 . (Rupp, 1976). One.result of this design is figigr‘system response time.
@

- ' n

CETS, for example, 'is apprdxlmatelfiflve times faster than PLATO IV. {t /

-
. )
. N R

1s-expetted though not substantxated, that the‘archltecture of "a system ..
. s . LA . .

’ ‘ : like GETS i& conducive to ease and speed of courseware dev .hentf' For
. / . - ,\ ' ’ i
exanple, graphlcs'developed in the GLTS systen are orlvin-orlénted at anyJ |

|
» |

Ve N ‘

) e " N s
|
|
|

* * given tlme._ The result 15 that they can be moved around the screen to create

' . ~ [ . .
g new dlsplays w1th very llttleijgprogramming. A research effort ‘that is much -
v R Y . = v » ‘
neex! uld compare requirements of ideh@ical sets of‘materials'oh different N
R e N < N .

- .
. a0

types of’ systens in terms of prograrming time, requlred skill levels of :

* n s L4

g ) programmers, and overall.costs.® . ) .
8 ’ 2 RIS N .
' P - ) ;o - ' * ‘ I
. - - -
. Al .
. - . . 4 . . 4 @ . ¢ ..
. Data Collection ) s . ‘. ‘ Y a~
o o . - . . . ; \ . ' .
L)
. » . . . -
- N . . . ' M +
’ . N . 14 [
. N

. Given‘;hat,the primary evaluation isste in CBS is transfer of training, data
- 4

e ) . , .

’ . . « o ' ., .
comparing CBS performance to real-world performance is a top pribrfty 13Y N
! ) : ' ’ ‘e RN N 4 e
‘future -research. 'ﬁowever;.%gpe of the benefits of data cB¥ection vithin, ~

. ; S
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. ) the process of CBS éﬁygld not Qe'ov%rioéked. gop example, Lahey .and Coady
e s v . < , ‘ L.

A «* .
L] -’ . " &
.

(1978) harhk.‘ copied ogt@l

- . * . - \

. Aesson) of each student %nd were thus able to assess préferred learning
. L

éﬁgff the ﬁtrail" (each response; made during the

-

PN -

i .strategies in a'learner controlled lesson. - .

. R - .

' . \, ' s ‘ .-

- . . . ] . ‘ . ‘0 ‘ - ) “ 4
. The\collecﬁiohvof student latency data, which is possible in most CAL | .

v, . . ' .

. - . . . 3 - .
. systems, can also be us?ful. Willians (Note 3) has proposed a theoreticdl

& model of student processing capaS{Ey‘Spggesting thgt latency information,
, . ,
can be used to evaluate levels of student knowledge. There are also -
. %

‘ .
. R NS

implications here for the use of this type of data for validation efforts.

-

Thus, capabilities for flexihle and assessable data col®ltion should always '

”» e

" be considered in the design of future systems. .
N 1. ! ,7 " o '
Y . . SUIPARY AND RECOMMENDATIONS - b . SN
R . 7 . t. ' :

¥
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N . ’
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— The research efforts reviewed here demonstrate the potential effectiveness

o

\ . » et .
and efficiency of C3S for training certain performance-oriented skills, to

- &

«

certain students, under certain circumstances. Assumming that these positive
- N {

v ‘.

findings will be more cenerally applicable, it is now necesSsary to cok%gct

o & . .
ZA . X . < s
X data and develop a contingency algorithm from which predictive statefents can |,
v t 7. ‘ : y
- . . . . N ) . e
be made abdut specifically when, how, and for whom the methodology can be used
‘ ~ : .\
most appropriately. Recommendations will be made here that parallel the two
R \ .
major portions of the bodv'of the paper: Training considerations and CBS .
1] ’ - ) &
system features. - " ’ .
‘ ‘ 1 : . ‘
! ' 4 Y A v .
- - s - - " - i . . » H bty '
) To begin with, it is necesgsary to‘*#etermine the combination of. studeat.
) e e Co . N
+ . . ° and task types that Witl optimally benefit from training by CB3. 1t will
; i ' o Lo ‘ ' 3 : '
Q ' ‘1 a ) . ) .
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then be necessary to specify how these factors interact with varying levels

. '
o, . »

- of hppgaranpe and functional fidelity with respect to transfer of traii&ng. .
.- > . . . -

.Researchers "have suggesfed that a worthwhile approach to this matter night

)
4

. v
- be found in émphasizing functional fidelity as it relates to instructional

- ‘ ' . . o
design. Variables of interest, wikhin this context, are student-curriculum

-

. ) ,interaction (the amount necessary), input device technology (comparisons of

light pen to touch panel interaction), cues presentr in the simulation
J materials (regarding the degree to which they must be.similar’dua}itativ%ly
h H { *

. and quantitatively to those present in the real-world), and the roles of - :

feedback, task analysis, and learning strategies. This line of research,

. , then, would be centered around the tradeoffs, between 'good" instructional

design and fidelity levels. . ) v REEAN

<

¥

The other area of research to be discussed here, that of system features,
. N | :

is one that Should probably be initiated after some of the pfeviously'mentibned

issues have been resolved. That is, it is difficult to optionally design
8 - ’ + ’5

systen features when the basic learning parameters remain in question.

-

- 4
' ‘ . N
4

\ %

Experience indicates that, given state—9f—the—art equipment, the ideal ;

[ . a A\
» . ~ Y . N ) f
~system configuration, i.e., ong'incorporating all features that hgygggggn' ,,
] " <.

4 &‘*
found to be useful for training, could be characterized in the following way: _,
‘ , * . B : *
4 ‘

. . -
a

{ '
1. The system should be gtand-alone and designed to supportiextensive

use of interactive graphics material In terms of a flexible authoring -

, v .

L

A . language and, presentation capabilities; ggg%@ capabilities would
.. ‘permit fast system rgéponse'and sufficient storage. R
7 . - ~ ! . ‘ o . . \
.- .
- " »:zs “ M
* . . . ' Ed .
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2. The systen should have a touch panel or light pen and a keyboard
. A ,

e for‘student input. = This combination would provide a mix of High e

% .
-

v
L ’ ’
! LA .

‘ fidelity interaction and constructed respohses. ’

.
- . e ° ~ . . . -

e —— oo - _ R S

3

« 3, ACRT wquld‘seem to'be optional since &t would'provide the
Iy . . 7 ) -
. ideal display in that color could be used if desired. The

J . system also would be amenable to modification to take advantage

of advances in the technology such as‘videodisc. v

. . - ' , . -
. .
. . .
. .

4.  The system should posess both a computer graﬁhics and microfiche

.
» y
.

or slide capabilities thus permittihg presentation of graphic sim—~
: : . : ' R Y
ulatidéns in conjunction with photographs of real-world objects.

4
1)

. N (. . . «"m. .
s ’ Q ?. :’ - v ‘. .
5. The ideal systenm should also have capabilities for co}llection .
- 1

v ©

s and hard %topy of "trail" and Iatency data. VWhile the feature

e would not affect the.qualiﬁi of the simulation, it would enhance

.

v » « the value of CBS as a research tool.

. - N
.

. N . - ’ U

- . +
Research, to-~date indicates that combining these features could produce - N
) — , L e 5 .
. a CBS system of maximal effectiveness; the question of ‘efficiency redains. -,
- . -~

. @t . . ‘ i
Future reseaxch should examine these features for areas of possible %eductionﬂ .

-

in that the.total éuggéﬁéed conf;guraﬁion!is pndﬁably unnecessary. It seems (\

probdble that the ﬂidéal":system could be streamlined for cost-effectiveness

-
! .

while naintaining the same quality of instruction. For‘*example,.the ase of

micrqficge as an alternative, rather than as a supplement, to computer grahpics
-, . W . | . ‘5{)‘«?\* 'R

¥ N £ : £ £ £ £ IL“

may prove to be a reliable finding. Likewise, videodisc may be a low-cost

s
- . "

. solution to storage problenms. . d
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quirements
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. v . N
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As stressed eariler one of the most important resear(;g?h

» '
1

.. ¢ , - \ L
is a oompaison' of authoring capabilities, deyelopment:‘e‘a.l”g}m%&‘and a

D ,
-

-

cost analysis of prpgraiiming the same {raindng materials on a range of

[y
- - f

) Q@ystens. This would provide useful information in terms of overall effeciency

-

. . of the different system configurations. Co :

- L

B L4 ‘ R .{ ‘\ *
) &é‘ . . A :

-

-
]

" L—
. | - v
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el N

Wh.ll.l'e all’ of the factors .mentioned should I;e take

.
5 >

« hd N ' A

n into consideration ‘
. ’# ‘ L1 -

of the .design an@l,pur_chase of €BS systems, ‘rapidly increasing technological

~ " t

advances requite &pat future developments be anticipated. "For example, )
‘ §. \

, at the present time network systems are more cost effective than stand-alones
KY . g ° ‘
B *
when a large number 0§ terminals is required. However, this will aot

F) .

-

. . . ts ¥ . . L e
be the case ih a few years when microprocessors, working together, will give
, :

1‘2:? . ; . . .
3 . < - ’ s -
‘ small systens most of the functions of large ones at a fraction of the
’ . 1 ; » : o sz
. “cost. Thus, the final recommendation for research in the area of CBS. is to
< Y - [N .
. “ . i - ) . . ‘
approach CBS training with a futuristic orient\ation to ensure maximal
s # N ’ . : .
utilization:of newly emerging technologies. v
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